ABSTRACT Elachertus scutellatus Howard is a synovigenic, koinobionic ectoparasitoid that preys on the Brazilian skipper caterpillar, Calpodes ethlius (Stoll) (Lepidoptera: Hesperiidae). This wasp exhibits a rare combination of life history strategies, some associated with being a koinobiont and others with being ectoparasitic. The female wasp lays large, inßexible, anhydropic eggs that are passed externally down the ovipositor. This process is uncommon and is considered the morphological intermediate between the use of the ovipositor as an egg-laying device and a stinger. The average clutch size and the oviposition frequency of E. scutellatus females are comparable with other wasps in the Eulophidae. Female wasps were observed to be nonconcurrent host-feeders. The sex ratios of E. scutellatus broods were consistently female biased. Adult male wasps lived longer than female wasps, which may have been a result of host size or the rearing technique used. E. scutellatus has potential as a biocontrol agent because of its female-biased sex ratios, destructive host-feeding, and synovigeny.
TWO BROAD PARASITOID STRATEGIES may be deÞned on the basis of how they inßuence host behavior before host death. Idiobionts are parasitoids that permanently paralyze the host on oviposition. Conversely, parasitoids that allow hosts to continue to feed and grow after parasitism are referred to as koinobionts (Askew and Shaw 1986 , Godfray 1994 , Quicke 1997 .
Within the parasitic Hymenoptera, there is evidence to support a dichotomy of development modes: ectoparasitoids and idiobionts with one set of traits and endoparasitoids and koinobionts with opposing traits (Mayhew and Blackburn 1999) . Idiobiosis is almost always associated with ectoparasitism and koinobiosis almost always with endoparasitism (Mayhew and Blackburn 1999) . Generally, endoparasitic koinobionts rarely host-feed, have a short adult lifespan, lay small eggs, and in parasitoids of larval insects, have a greater oviposition rate and fecundity than ectoparasitic idiobionts (Quicke 1997, Mayhew and Blackburn 1999) . Idiobionts are usually synovigenic, maturing eggs continuously throughout the adult femaleÕs life (Quicke 1997) with eggs that undergo oö sorption (Flanders 1950) . Koinobionts are generally proovigenic; all eggs mature at the time of adult female eclosion or very soon after (Quicke 1997 ) and produce eggs rich in yolk that do not undergo oö sorption (Flanders 1950) .
Endoparasitic idiobiosis is a much less common strategy than ectoparasitic idiobiosis because of the speciÞcity required in overcoming a hostÕs immune system (Gauld 1988, Mayhew and Blackburn 1999) . Ectoparasitic koinobiosis is rare (Gauld 1988 , Quicke 1997 and less specialized than endoparasitic koinobiosis in that the parasitoid is challenged, not by the hostÕs immune system, but by host ecdysis (Gauld 1988) . Only in the Ichneumonidae is a large radiation of koinobiont ectoparasitoids evident (Gauld 1988) .
Elachertus scutellatus Howard is a parasitoid of the leaf-rolling caterpillar of the Brazilian skipper, Calpodes ethlius Stoll (Lepidoptera: Hesperiidae) (Urlich 1932 , Clausen 1978 , Boucek 1977 , Cock 1985 , MacDonald and Caveney 2004 . There are no alternate hosts recorded. The Brazilian skipper is a serious pest of Canna species (Cannaceae) (Scudder 1889 , Young 1982 , Reinert et al. 1983 ) and arrowroot, Maranta arundinacea (Marantaceae) (Cock 1985) in tropical and subtropical regions. E. scutellatus was collected in southern Florida in August 1999, the Þrst North American record for this species (MacDonald and Caveney 2004) . With the exception of a few studies on the taxonomy and distribution of E. scutellatus (Howard 1897 , Ashmead 1900 , Urlich 1932 , Bennett and Hughes 1959 , Boucek 1977 , Cock 1985 , Boucek 1988 , very little is known of its biology. Unsuccessful attempts were made to introduce E. scutellatus into several Carribbean islands as a biocontrol agent of C. ethlius larvae on arrowroot (Bennett and Hughes 1959 , Clausen 1978 , Cock 1985 . The Brazilian skipper caterpillar is still a serious pest of Canna and arrowroot plants in tropical areas (Cock 1985) .
This study was undertaken to document the life history characteristics (oviposition, fecundity, host-feeding, sex ratio of offspring, adult longevity, clutch size, and the relationships between these characteristics) of E. scutellatus. With the exception of a few studies on the taxonomy and distribution of E. scutellatus, very little is known of its biology. This information may allow further consideration of this wasp in biocontrol programs for ornamental Canna and arrowroot crops.
Materials and Methods
Elachertus scutellatus was reared in an incubator at 25ЊC (77ЊF) and high RH under a L:D 14:10 regimen as outlined in MacDonald and Caveney (2004) . Adult wasps were aged using the date of clutch oviposition, separated into mating pairs, and observed daily. The wasps were held in transparent Nalgene styrene-acrylonitrile utility boxes (7 by 6 by 12 cm). The wasps were provided with pure Billybee clover honey brushed onto small yellow "Post-It" (3M, Canada) notes (3.7 by 5 cm) stuck to the inside of the box (Hagley and Barber 1992 , Pitcairn and Gutierrez 1992 , Zaviezo and Mills 1999 . Each mating pair was given one or two third-instar hosts daily. Information on oviposition, fecundity, host-feeding, sex ratios of offspring, and adult longevity of the wasp was recorded.
Host C. ethlius caterpillars were reared in a greenhouse at 22ЊC, high RH, and under long-day conditions. This caterpillar is a near-monophagous species and was fed at liberty on leaves of the Canna lily. Caterpillars were exposed to adult wasps early in the third larval instar.
Oviposition, Fecundity, and Host-Feeding. Clutch size and oviposition location were determined by examining parasitized caterpillars under a dissecting microscope. The date of each parasitization event was recorded. To determine the age of reproduction in female wasps, the time before the onset of oviposition was recorded. Average clutch size and lifetime fecundity were determined for each female wasp, and the process of oviposition was analyzed from video recordings. Although the frequency of host-feeding could not be precisely determined, the behavior was videotaped and described.
Sex Ratio of Offspring. Elachertus scutellatus wasps are haplodiploid (Quicke 1997) . Consequently, they may reproduce sexually, resulting in female progeny, or parthenogenically, resulting in male progeny. The sex ratios of offspring from wasp couples were recorded to determine the frequency of parthenogenesis. Only broods that survived at least to the late pupal stage, when the sex of the individuals could be determined, were analyzed.
Adult Longevity. The longevity of all mated pairs was determined. The data were log-transformed to better satisfy the assumptions of linear models. Female longevity was compared with male longevity using a two-sample t-test.
Clutch Size and Number of Clutches. To determine relationships between the number of clutches laid by a female, the average clutch size per female, and the variability in clutch size for each female, Pearson correlation values were calculated, and the results were graphed.
Brood Sex Ratio in Relation to Clutch Size. ConÞ-dence limits of 95% were determined to estimate the mean percent of female offspring in a given brood. The data were log-transformed, and a regression analysis was performed to determine if there was a relationship between clutch size and the offspring sex ratio.
Longevity of Reproducing and Nonreproducing Female Wasps. A one-way analysis of variance (ANOVA) was used to compare the longevity of females that laid eggs with that of females that did not lay eggs.
Results

Paralysis.
A temporary paralysis of host caterpillars was seen during both oviposition and female hostfeeding. In the laboratory, female wasps preferentially oviposited on caterpillars not approaching a larval molt. Generally, caterpillars used for oviposition regained mobility within 30 min of initial paralysis and continued to move and feed until the wasp eggs hatched. The wasps were also observed to selectively paralyze for oviposition hosts that had climbed to the top of the containers. The location in the container of caterpillars selected for host-feeding after paralysis was less predictable.
Oviposition and Fecundity. Adult E. scutellatus wasps primarily laid their eggs on the surface of thirdinstar C. ethlius caterpillars. Occasionally second-and fourth-instar caterpillars, as conÞrmed by measurement of head capsule size, were parasitized.
Elachertus scutellatus wasps started to mate within a day of adult eclosion, and females began to lay eggs at 5.2 Ϯ 1.2 d (n ϭ 13) after eclosion. At Þrst, the wasps laid clutches daily for several days. After this initial egg-laying period was over, females often did not lay again for several more days and never resumed laying eggs with reliable frequency. The average clutch size was 6.4 Ϯ 2.9 eggs (n ϭ 84). Females were observed to parasitize multiple hosts in 1 d.
Analysis of videotaped oviposition events revealed that, after the female wasp had paralyzed a caterpillar, it probed and stroked the hostÕs cuticle with the tip of its ovipositor. The tip of the ovipositor was then inserted into the host cuticle. Abdominal contractions and ßuid movement in the waspÕs abdomen were visible at this time. A rapid ratcheting motion of the ovipositor stylets was also apparent. The female then depressed her abdomen to expel an egg that slid down the outside of the ovipositor shaft. The egg appeared to be covered in a viscous ßuid and was deposited on the cuticle, anchored by the egg stalk inserted into the host cuticle (MacDonald and Caveney 2004) . The ovipositor did not appear to completely puncture the hostÕs cuticle during egg laying because no host bleeding was observed at egg attachment sites. Most of the eggs were deposited along the ventral or exposed lateral surface of the paralyzed host.
The duration of oviposition varied with clutch size. In the laboratory, adult female wasps laid on average of 36.6 Ϯ 18.4 eggs (n ϭ 13) in their lifetime. Females that did not lay any eggs were not included in this calculation.
Host-Feeding. As in the oviposition process, host paralysis was the initial step associated with hostfeeding. Unlike oviposition, however, the female did not stroke the host cuticle with her ovipositor but seemed to orient herself by sight and antennation. After a suitable site had been located on the lateral or ventral surface of the host, the female inserted her ovipositor into the cuticle. Rapid contractions of the abdomen were visible, along with a ratcheting motion in the ovipositor. At the onset of host-feeding, the female inserted the tip of her ovipositor into the host cuticle for short durations, while feeding brießy on the small amounts of hemolymph produced at the wounds. Later, very deep punctures were made, with one-quarter to one-third of the ovipositor penetrating the host surface. Once larger hemolymph droplets formed on the cuticle, the female generally ceased stabbing the host and concentrated her efforts on feeding. Often, a primary feeding spot was chosen, and the female consumed hemolymph for several minutes at a time without pausing. After feeding was completed, the female left the host and used her forelegs to clean the congealed hemolymph debris from her mandibles. Host-feeding often lasted over 30 min, and the host was usually dead at its completion. The relative incidence of host-feeding in E. scutellatus has not been determined.
Sex Ratio of Offspring. On average, 70 Ϯ 15% of the E. scutellatus offspring reared in the laboratory were female and presumably developed from fertilized eggs.
Adult Longevity. Adult wasps reared in the laboratory eclosed in the morning. Males usually eclosed before females. On average, adult males lived 21.5 Ϯ 11.5 d (n ϭ 17), and adult females lived 14.7 Ϯ 9.2 d (n ϭ 23). A two-sample t-test of the log-transformed longevity data indicates that male lifespan was significantly longer than females under the same laboratory conditions (P Ͻ 0.05).
Clutch Size and Number of Clutches. The Pearson correlation values indicate that as both the number of clutches (r ϭ 0.56, P ϭ 0.020) and average clutch size (r ϭ 0.54, P ϭ 0.027) increase, the variability in clutch size increases (Fig. 1, a and b) . There was no correlation between clutch size and the number of clutches laid by adult female wasps (r ϭ 0.39, P ϭ 0.122; Fig. 1c) .
Brood Sex Ratio in Relation to Clutch Size. Regression analysis indicates there was no relationship between the ratio of fertilized/unfertilized eggs and clutch size [log(fertilized ϩ 1) ϭ 1.67 Ϫ 0.361 log(unfertilized ϩ 1), where the slope is not signiÞcantly different from 0].
Longevity of Reproducing and Nonreproducing Female Wasps. An ANOVA comparing the longevity of females that laid eggs to females that did not lay eggs indicated a signiÞcant effect of egg laying on the longevity of the female wasps (F ϭ 2.41, P Ͼ 0.05). Females that laid eggs lived signiÞcantly longer (17.0 Ϯ 8.2 d, n ϭ 14) than females that did not lay eggs (11.1 Ϯ 9.8 d, n ϭ 9).
Discussion
Paralysis. The venom of koinobiont wasps is reported to cause temporary host paralysis and prevent host molting (Godfray 1994 , Doury et al. 1995 , Hanson and Gauld 1995 . This is required in an ectoparasitoid, because ecdysis would allow the host to shed its cuticle, and consequently, the parasitoid eggs attached to the cuticle. Almost all ectoparasitoid venoms studied are paralytic and either kill the host immediately or suppress host development (Doury et al. 1995) . In the Eulophidae, only ectoparasitic koinobionic members have been shown to regulate host physiology (Shaw 1981 , Coudron et al. 1990 ). E. scutellatus, an ectoparasitic koinobiont, also demonstrated the ability to prevent host ecdysis. Most venom components in parasitoid wasps act on the hostÕs central nervous or neuromuscular system and may be host-speciÞc (Quicke 1997) . Paralysis results when neuromuscular transmission at excitatory glutamatergic synapses is blocked presynaptically (Godfray 1994) . Ecdysis is blocked by perturbing the hostÕs endocrine system, apparently by disrupting the regulation of a late expression event downstream from the initiation of ecdysis (Shaw 1981 , Coudron et al. 1994 .
Females preferred to parasitize hosts that had climbed to the top of the containers, possibly because of the hostÕs response to paralysis when on the lid of the rearing container. When paralyzed in this location, the hostÕs thoracic legs and abdominal prolegs released their grip, causing the host to hang upside down with only its anal prolegs holding onto the container. Presumably, the female favors hosts at a higher location so that on paralysis, the host hangs with its ventral surface exposed, permitting her to lay her eggs around and between the prolegs of the host. Hosts not in a suitable position may be used for host-feeding instead (Ueno 2000) .
Female parasitoids are able to distinguish between hosts that are more suitable for oviposition, such as concealed hosts more likely to avoid predation and adverse climatic conditions, and hosts with low-quality oviposition sites that are used instead for hostfeeding (Ueno 2000) . Because E. scutellatus is an ectoparasitic wasp, it is likely that host concealment is an important factor in host choice. However, because the wasp is also koinobionic, it may oviposit on exposed hosts that are allowed to recover from temporary paralysis to return to the host shelter and extend the protection of the leaf roll to the developing parasitoid larvae.
Oviposition and Fecundity. Female E. scutellatus wasps were seen to oviposit primarily on third-instar hosts. Urlich (1932) also found third-stage skipper caterpillars to be the preferred host instar of this parasitic wasp in St. Vincent. The females laid eggs every few days, which supports the hypothesis that they are synovigenic, acquiring nutrients from their hosts, which they use to produce new batches of eggs.
Relative to the size of the wasp, the egg produced by E. scutellatus is large. In particular, its transverse diameter is large compared with its length. The egg also possesses a tough, thick chorion (MacDonald and Caveney 2004), and unlike the eggs of most parasitoids, it seems that it cannot be compressed sufÞ-ciently to move within the narrow ovipositor. Consequently an external passage is required (Kasparyan 1981) . In parasitoids within the genus Exenterus (Ichneumonidae), the egg emerges from the abdomen at the base of the ovipositor, and according to Mason (1967) , "either body ßuid pressure, or muscular activity of the separate moving parts of the ovipositor, or a combination of both, drives the anchor of the egg along the ovipositor." Presumably, a similar mechanism operates in E. scutellatus. The movement of the separate moving parts of the ovipositor results in a visible up and down ratcheting motion, seen in E. scutellatus females. As the stalk ("anchor") of the egg passes down the ovipositor, a thick ßuid appears to lubricate its path. This ßuid may also function to retain body ßuid pressure in the female Exenterus wasp during oviposition (Mason 1967) . When the egg reaches the tip of the ovipositor, the stalk is inserted into the host integument, rather like a sewing machine needle and thread driven into cloth. When the ovipositor is removed, the stalk fastens the egg tightly to the host cuticle. External passage of the egg is considered the morphological intermediate between an ovipositor, which is used to inject paralyzing venom as well as oviposit eggs, and a stinger, which is used only to inject venom (Kasparyan 1981) .
Fecundity in E. scutellatus was lower than that reported for other members of the family (Uematsu 1981 , van Veen and van Wijk 1985 , Fidgen and Eveleigh 1998 , Zaviezo and Mills 1999 . However, because clutch size was within the expected range, the lower fecundity seen was likely a result of the short life span of the females and the lack of compensation in oviposition frequency.
Host-Feeding. Females of some parasitoid wasps will consume host hemolymph as food while the host is paralyzed (Quicke 1997) . Host-feeding is strongly associated with synovigenic species, which need to consume the protein-rich hemolymph of host insects as a protein source for oocyte maturation (Flanders 1950 , Le Ralec 1995 . E. scutellatus was not expected to be a host-feeder, because most koinobionts are not synovigenic (Quicke 1997) . Videotaped sequences conÞrmed that the female of this wasp is atypical and represents a synovigenic koinobiont able to feed voraciously on its host.
Female wasps that host-feed are likely to stab the host with their ovipositors more frequently when hostfeeding than during oviposition (Heinz and Parrella 1989, Hanson and Gauld 1995) . This behavior was seen in E. scutellatus. E. scutellatus females display nonconcurrent host-feeding, meaning they do not feed and oviposit on the same host (Jervis and Kidd 1986 ). Clearly, host-feeding in E. scutellatus is destructive. The host would have to be kept alive if it was also to serve as a food source for offspring (Jervis and Kidd 1986, Quicke 1997) . In the laboratory colony, the only reliable indicator of previous host-feeding was the presence of a pool of hemolymph around a dead caterpillar. If hosts were both oviposited and fed on, there may be no recognizable indicators, even under microscopic examination (Fidgen and Eveleigh 1998). Nonconcurrent, destructive host-feeding is the most common host-feeding pattern in parasitic Hymenoptera (Jervis and Kidd 1986) .
There was no evidence of feeding tube construction as seen in Elachertus argissa Walker (Eulophidae) (Aeschlimann 1969 , van Veen and van Wijk 1985), indicating that host-feeding is usually performed on exposed hosts (Quicke 1997) and that feeding on exposed hosts may not necessarily be a product of the laboratory setting. Another indicator of host-feeding on exposed hosts is that early instars of C. ethlius are frequently selected for host-feeding in the laboratory. In natural settings, these instars feed in exposed situations more often than later instars. The frequency of host-feeding was not determined, although it probably ßuctuates periodically as the female wasps lay eggs and require nutrients for further egg maturation (Sugimoto and Ishii 1979) . Sex Ratio of Offspring. As in many other eulophids, the brood sex ratio of E. scutellatus is strongly biased toward females (van Veen and van Wijk 1985 , Barrett and Brunner 1990 , Pitcairn and Gutierrez 1992 . Exceptions where sex ratios are male biased in the Eulophidae (Ridgway and Mahr 1990) may be caused by environmental conditions or host quality (Barrett and Brunner 1990 , Wen et al. 1995 , Lampson et al. 1996 . A highly female-biased sex ratio is indicative of high reproductive potential in wasp populations (Fidgen and Eveleigh 1998) .
Adult Longevity. Parasitoids and their hosts are generally maintained at endemic levels in the environment (Godfray 1994 ). Natural mortality rates have not been documented in this species. It is common in parasitoid populations for females to have longer life spans than males (Heinz and Parrella 1989 , Quicke 1997 , Fidgen and Eveleigh 1998 , Ueno 2000 , especially when host populations are low or patchily distributed (Fidgen et al. 2000) . However, as observed with E. scutellatus, there are populations of wasps in which males live longer than females (Pitcairn and Gutierrez 1992) . This is understandable because longer-lived males are likely to encounter more mates than shorter-lived males.
The short lifespan of females relative to males observed in E. scutellatus may be because of several factors. The number of hosts available for exposure to the parasitoids became limited during the rearing process. It has been shown in laboratory experiments that larger females lived longer when provided with hosts for oviposition, and in particular, host-feeding (Quednau 1967, Jervis and Kidd 1986) . If the quality of the food sources (hosts and honey) were low, the female wasps may be adversely affected. Female wasps require a steady source of food to meet daily metabolic demands and for egg maturation (Jervis and Kidd 1986) . Adult male wasps have lower daily metabolic requirements (Quicke 1997) and are less likely to be adversely affected by low food quality. As well, when the number of individuals at the preferred host instar was limited, smaller hosts were provided to ovipositing female E. scutellatus wasps. Females that lay eggs on smaller hosts have smaller offspring because of limited resources (Sandlan 1979 , Quicke 1997 , Fidgen et al. 2000 and smaller wasps have shorter longevity (Sandlan 1979 , Quicke 1997 , Lampson et al. 1996 , Fidgen et al. 2000 . Therefore, the longevity of the offspring, which are primarily female, could be limited by host size.
Clutch Size and Number of Clutches. The correlation between the average clutch size laid by a female wasp, the number of clutches, and the variability of clutch size indicates that females that frequently lay large clutches have a larger variability in clutch size than females that lay small clutches. Female wasps often alter clutch size in relation to host size and quality (Cronin and Gill 1989 , Hardy et al. 1992 , which may be the reason for this variance. If the number of hosts becomes limited, females may increase their clutch size (Hardy et al. 1992 ) through the short-term storage of mature eggs (Jervis and Kidd 1986) , resulting in an increase in the overall variability. The variability in clutch sizes could also be caused by individual differences in a female waspÕs ability to sequester host nutrients and mature eggs (Flanders 1950, Jervis and Kidd 1986) .
Female wasps with short life spans have been shown to increase their Þtness by laying larger clutches over shorter periods of time ). However, no correlation between clutch size and the number of clutches laid by female E. scutellatus wasps was observed. Females that consistently laid small clutches did not necessarily lay more clutches over time than females that consistently laid large clutches. Overall, the average clutch size and the oviposition frequency of E. scutellatus females were comparable to other wasps in the Eulophidae (Uematsu 1981 , van Veen and van Wijk 1985 , Fidgen and Eveleigh 1998 , Zaviezo and Mills 1999 .
Brood Sex Ratios and Clutch Size. Female parasitoids may adjust their clutch size and brood sex ratio in response to host size (Jervis and Kidd 1986 , Barrett and Brunner 1990 , Lampson et al. 1996 , Quicke 1997 , Fidgen et al. 2000 , because female E. scutellatus are generally larger than males and require more resources during development (Brunson 1937 , Quicke 1997 , Uematsu 1981 . However, no relationship was found between the sex ratio of offspring and clutch size in E. scutellatus females, suggesting that they do not alter the sex ratio of their broods to compensate for changes in clutch size. The local mate competition (LMC) theory predicts a low sex ratio variance in gregarious parasitoids (Hamilton 1967 , Quicke 1997 . Where spatial separation is high and competition between females is low, the number of female offspring is maximized, and there is a high incidence of sibling mating and mother/son mating. As each E. scutellatus female was provided with only one male and no female siblings, the lack of female competition (working within LMC parameters) would result in low sex ratio variability, with only one or two males produced per brood, regardless of clutch size.
Production of all female broods is not necessarily maladaptive, as implied by Zaviezo and Mills (1999) , although it would be less adaptive than having one male per brood. If hosts are patchily distributed or very unreliable, it is possible that all-female broods may be an adaptive strategy because it would allow females to disperse and locate resources before expending energy on mating and egg production. The females could then mate with their own male offspring once hosts were located (Quicke 1997) . The differences in clutch size in E. scutellatus may be caused by individual differences in the reproductive abilities of the female wasps.
Longevity of Reproducing and Nonreproducing Female Wasps. There was a signiÞcant difference in the longevity of female wasps that laid eggs and ones that did not. Females that laid eggs lived longer than females that did not, even though it is reasonable to expect that the cost of reproduction could reduce longevity. The females that did not lay eggs, however, may have been unhealthy, accounting for both the lack of oviposition and short life span. It is unlikely that the short-lived females were sterile but otherwise healthy, because sterile females of the eulophid Chrysocharis laricinellae have been shown to live Ϸ1 mo longer than egg-laying females (Quednau 1967) , due likely to the absence of an energetically expensive reproductive cost.
Alternatively, this pattern in adult longevity may have been a product of suboptimal laboratory conditions, because a long-term rearing protocol has yet to be devised.
Elachertus scutellatus as a Biocontrol Agent. Elachertus scutellatus has potential as a biocontrol agent because of its female-biased sex ratios, destructive host-feeding, and synovigeny. As well, female E. scutellatus wasps target young host larvae for oviposition and host-feeding, and as a result, most wasp-induced caterpillar mortality occurs before the extensive feeding damage caused by the later stage caterpillars.
Biocontrol introductions of this wasp in St. Vincent indicate that parasitism rates in the Þeld reached 75% in certain areas (Caribbean Agricultural Research and Development Institute 1982) , but further reports were not published on the long-term success of the introduction. Wasps that exhibit destructive host-feeding may be better biocontrol agents than nondestructive wasps (Barrett and Brunner 1990, Quicke 1997) . The incidence of host mortality caused by host-feeding by adult female wasps should be further examined to better evaluate the potential of E. scutellatus as a biocontrol agent.
